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RESEARCH  ACCOMPLISHMENTS 
Introduction 

Muc4/sialomucin  complex  (SMC)  is  a  high  Mr  heterodimeric  glycoprotein  complex  which  was 
originally  observed  at  the  cell  surfaces  of  13762  rat  mammary  adenocarcinoma  cells  and  has 
been  more  recently  found  in  many  accessible  and  vulnerable  epithelia.  It  is  composed  of  a 
mucin  subunit  ASGP-1  and  a  transmembrane  subunit  ASGP-2.  The  latter  has  two  EGF-like 
domains  and  can  form  intramembrane  ligand-receptor-type  complexes  with  the  receptor  tyrosine 
kinase  ErbB2.  An  important  aspect  of  SMC/Muc4  is  its  ability  to  repress  apoptosis  when 
transfected  into  tumor  cells.  Our  hypothesis  is  that  SMC/Muc4  is  multifunctional.  It  acts  as  an 
epithelial  protective  agent  by  forming  a  steric  barrier  at  epithelial  apical  surfaces  and  by 
contributing  to  signaling  through  ErbB2  involved  in  epithelial  differentiation  and  repression  of 
apoptosis.  Both  of  these  functions  may  contribute  to  tumor  progression  when  Muc4/SMC  is 
inappropriately  overexpressed. 

HER-2  (ErbB-2,  neu)  is  a  member  of  the  family  of  epithelial  growth  factors  (EGF),  and  appears 
to  overexpressed  in  25-30  %  of  human  breast  carcinomas.  Its  presence  is  associated  with  a  poor 
prognosis.  No  soluble  ligand  for  HER-2  has  been  discovered  so  far,  but  our  research  group  has 
shown  that  the  ASGP-2  subunit  of  Muc4  binds  to  HER-2  (ErbB-2,  neu),  and  affects  its 
phosphorylation.  Muc4  has  also  shown  to  suppress  apoptosis  in  A375  human  melanoma  cells 
and  to  upregulate  a  differentiation-associated  protein  p27kipl.  High  levels  of  expression  of  p27kip 
have  been  seen  in  some  highly  proliferative  human  breast  cancer  cells.  Thus  the  study  of  HER-2- 
Muc4  complex  in  regards  to  its  suppression  of  apoptosis  will  provide  us  with  a  more  complete 
understanding  of  the  mechanisms  by  which  these  molecules  participate  in  breast  cancer;  this  in 
turn  we  hope,  will  ultimately  contribute  to  the  refinement  of  breast  cancer  therapies. 

Task  1.  To  detect  the  interaction  of  HER-2  (ErbB-2)  and  Muc4  with  endogenous  cellular 
proteins  in  cultured  cells 

The  most  important  recent  discovery  from  our  laboratory  is  the  finding  that  Muc4  transfected 
into  polarized  epithelial  cells  can  induce  the  re  localization  of  ErbB2  from  the  lateral  surface  to 
the  apical  surface.  This  relocalization  segregates  the  ErbB2  from  its  co-receptor  ErbB3. 
Heterodimerization  of  the  ErbB2  and  ErbB3  is  an  important  mechanism  in  the  activation  of  the 
receptors  in  ErbB2/HER2/Neu-driven  breast  cancers.  The  segregation  imposed  by  Muc4  is  lost 
in  neoplastic  cells,  which  have  lost  their  polarization  as  a  result  of  oncogenic  transformation. 

To  determine  whether  this  segregation  mechanism  applies  to  normal  epithelia,  we  have 
examined  the  localization  of  ErbB2  in  rat  mammary  gland  and  human  airway  epithelia.  Since 
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our  previous  studies  have  shown  that  different  anti-ErbB2  antibodies  recognize  different  forms 
of  the  receptor  with  different  localizations,  we  have  used  multiple  antibodies  in  these  studies. 

The  most  representative  results  are  shown. 

To  compare  cellular  localizations  of  Muc4/SMC  and  ErbB2  in  lactating  mammary  gland  and  to 
compare  ErbB2  staining  pattern  with  different  anti-ErbB2  antibodies,  whole  mammary  tissue 
isolated  from  lactating  rats  was  analyzed  by  immunohistochemical  staining  with  antibodies  directed 
against  Muc4/SMC  (ASGP-2)  and  ErbB2.  As  expected,  Muc4/SMC  was  stained  on  the  apical 
surfaces  of  both  ductal  and  alveolar  epithelial  cells.  When  stained  with  Neomarkers  anti-ErbB2 
antibody  1,  a  polyclonal  antibody  directed  against  a  peptide  in  the  C-terminal  region  of  ErbB2, 
ErbB2  was  detected  at  the  apical  surfaces  of  the  ductal  and  alveolar  epithelial  cells,  though  the  latter 
was  poorly  stained  (Fig.  1).  However,  when  stained  with  Dako  anti-ErbB2  (Herceptest),  ErbB2 
staining  was  localized  largely  on  the  lateral  surfaces  of  the  alveolar  and  ductal  epithelial  cells, 
though  the  latter  were  poorly  stained.  No  staining  was  detected  with  any  of  the  antibodies  in  the 
myoepithelial  or  stromal  cells. 

A  similar  result  was  obtained  with  human  airway  tissue,  which  is  a  pseudo-stratified  epithelium. 
In  this  case  staining  with  antibodies  to  Muc4  and  ErbB2  were  observed  predominantly  at  the  apical 


Figure  1.  Localization  of  Muc4/SMC  and  ErbB2  in  lactating  mammary  gland.  Sections  (5  /am) 
of  lactating  rat  mammary  gland  were  stained  with  Dako  anti-ErbB2,  NeoMarkers  anti-c-neu 
antibody  1  (Nl),  or  anti-ASGP-2  mAb  4F12  as  indicated  in  the  figure.  The  specifity  of  these 
antibodies  and  the  staining  controls  were  demonstrated  in  a  previous  study.  L  designates  lumens 
of  alveoli. 

surfaces  of  the  epithelia.  Little  or  no  staining  was  observed  with  the  Dako  antibody,  which  usually 
stains  basolateral  forms  of  the  ErbB2. 

These  studies  present  a  new  aspect  of  the  regulation  of  ErbB2,  regulation  by  localization  in  polarized 
epithelial  cells.  Muc4  localizes  ErbB2  to  the  apical  surfaces  of  epithelia  and  limits  its 
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phosphorylation.  The  segregation  from  ErbB3  limits  the  phosphorylation  of  this  receptor  and 
restricts  activation  of  the  PI3K-Akt  pathway,  which  is  stimulated  by  ErbB3  phosphorylation.  Akt 
activation  has  been  shown  to  be  an  important  event  in  breast  cancer  oncogenesis.  Our  hypothesis 
is  that  ErbB2  acts  as  a  switch  between  epithelial  differentiation  and  proliferation  and  that  Muc4 
regulates  that  switch  by  its  effects  on  ErbB2  localization  and  signaling. 

Task  2.  To  investigate  the  hypothetical  link  between  HER-2  (ErbB-2)-Muc4  complex  formation  and 
suppression  of  apoptosis  by  Muc4 

We  have  recently  extended  the  studies  of  the  effects  of  Muc  on  apoptosis  to  an  investigation  of 
anoikis  in  MCF7  breast  cancer  cells.  Apoptosis  resulting  from  loss  of  adhesion  is  termed  anoikis. 
Since  Muc4  is  an  anti-adhesive,  this  effect  is  very  relevant  in  cells  expressing  Muc4.  To  eliminate 
problems  with  incomplete  release  of  cells  from  their  substratum,  we  have  induced  anoikis  by  using 
a  non-adhesive  substratum  polyHEMA.  Cells  are  grown  on  adhesive  substratum,  then  transferred 
to  the  polyHEMA,  which  induces  them  to  undergo  anoikis.  However,  the  anoikis  is  suppressed  in 
cells  expressing  Muc4.  Anoikis  in  MCF7  cells  correlates  with  an  upregulation  of  Bim,  a  pro- 
apoptotic  member  of  the  Bcl-2  family,  which  is  repressed  by  expression  of  Muc4  in  these  cells  (Fig. 
2).  Anoikis  is  also  accompanied  by  down-regulation  of  ErbB2,  an  effect  which  can  also  be 
abrogated  by  expression  of 
M  u  c  4  (Fig.  3). 

Interestingly,  ErbB3 
degradation  is  also  triggered 
by  loss  of  adhesion,  but 
Muc4  does  not  block  its 
degradation.  To  address  the 
mechanism  of  ErbB2  down- 
regulation,  we  treated  cells 
plated  on  polyHEMA)  with 
inhibitors  of  proteosome 
and  lysosome  degradation. 

The  lysosome  inhibitor,  but 
not  the  proteosome 
inhibitor,  was  able  to  block 
ErbB2  degradation  (Fig.  3). 

Furthermore,  the  ErbB2 
inhibitor  AG825  was  able 
promote  anoikis, 
implicating  ErbB2  directly. 

Our  hypothesis  is  that  loss 
of  adhesion  targets  ErbB2 
for  lysosomal  degradation. 

Muc4  prevents  that 
degradation,  possibly  by 
targeting  the  ErbB2  to  a 
recycling  pathway  rather 
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Figure  2.  Muc4  repression  of  Bim  upregulation  in  MCF7  cells 
plated  on  polyHEMA  to  induce  anoikis. 
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Figure  3.  Muc4  and  lysosome  inhibitor  repression  of  degradation 
of  ErbB2  in  cells  plated  on  polyHEMA 
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than  the  lysosome.  The  corollary  to  this  hypothesis  is  that  ErbB2  is  involved  in  regulation  of  anoikis 
through  modulating  the  expression  of  Bim. 

Task  3.  To  determine  which  pathway  of  caspase  activation  is  inhibited  by  Muc4-HER-2  (ErbB-2) 
complex 

The  repression  of  apoptosis  by  Muc4  raises  the  question  of  the  mechanism  by  which  Muc4  acts.  To 
begin  to  address  this  question,  we  analyzed  caspases  associated  with  the  two  primary  pathways 
linked  to  apoptosis.  Caspase  9  and  caspase  8  are  key  elements  of  the  intrinsic  and  extrinsic 
pathways,  respectively.  Caspase  9  activation  was  strongly  inhibited  by  expression  of  Muc4  when 
cells  were  treated  with  the  apoptotic  agent  actinomycin  D.  In  contrast,  Muc4  did  not  repress 
activation  of  caspase  8  when  the  extrinsic  pathway  was  induced.  Caspase  9  can  be  activated  by 
either  association  or  by  cleavage.  To  determine  whether  Muc4  is  able  to  block  caspase  9  cleavage, 
we  used  antibodies  which  recognize  both  the  intact  and  cleaved  form  of  the  protease.  Cells  were 
grown  under  conditions  to  limit  attachment  and  induce  anoikis  (apoptosis  due  to  loss  of  adhesion). 
Parallel  cultures  were  treated  with  or  without  tetracycline  to  induce  expression  of  Muc4.  Caspase 
9  cleavage  was  observed  in  the  cultures  undergoing  anoikis,  and  Muc4  expression  repressed  both 
the  cleavage  and  anoikis. 

These  results  clearly  show  that  Muc4  blocks  the  intrinsic  (mitochondrial)  pathway.  We  are  now 
seeking  to  identify  elements  further  upstream  in  this  pathway  which  are  susceptible  to  Muc4 
expression.  Recent  studies  have  concentrated  on  members  of  the  Bel  family  of  apoptosis  effectors. 
A  preliminary  finding  suggests  that  the  pro-apoptotic  family  member  Bim  is  upregulated  in  cells 
undergoing  anoikis,  but  down-regulated  when  those  cells  are  induced  to  express  Muc4.  Additional 
studies  are  underway  to  verify  these  results  and  examine  other  Bel  family  members. 

Task  4.  To  investigate  the  contribution  of  p27kip  in  suppression  of  apoptosis  by  Muc4-HER-2  (ErbB- 
2)  complex 

One  mechanism  for  Muc4  repression  of  apoptosis  is  via  p27kip,  which  has  been  shown  to  be  involved 
in  inhibition  of  apoptosis  in  some  systems.  However,  blockage  of  p27kip  expression  using  an 
antisense  approach  did  not  inhibit  the  ability  of  Muc4  to  repress  apoptosis.  Thus,  p27kip 
does  not  appear  to  be  involved  in  the  Muc4  repression  of  apoptosis.  This  result  completes  this  task 
with  a  negative  conclusion  and  ends  research  on  this  aim. 

Task  5.  Investigate  the  regulation  of  p27kip  expression  by  Muc4 

This  task  was  abandoned  when  we  learned  that  p27  was  not  involved  in  apoptosis. 

Summary.  The  work  during  this  period  provides  further  evidence  for  a  new  mechanism  for  the 
regulation  of  ErbB2,  a  key  factor  in  about  25%  of  breast  cancers.  This  mechanism  may  play  a  key 
role  in  breast  cancer  progression  in  these  cancers. 
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